The mixed lineage kinase domain-like protein (MLKL), which is a major mediator of the necroptosis pathway, is involved in a certain cancers. The present study aimed to explore the expression patterns and exact role of MLKL in gastric cancer (GC) tumorigenesis and progression. In Cancer Cell Line Encyclopedia analysis, the MLKL mRNA expression levels in GC cell lines were not higher compared with that in other cancer cell lines. The results of the present study demonstrated that MLKL expression was decreased in gastric cancer tissues compared with that in normal tissues. In the Kaplan-Meier Plotter database survival analyses, decreased MLKL expression was associated with poor overall survival and first progression in patients with gastric cancer. In Oncomine gene co-expression analysis, MLKL expression was significantly associated with fatty acid 2-hydroxylase (FA2H) expression, which also exhibited similar effects on the prognosis of patients with GC in the survival analysis. This result suggested that FA2H may be a downstream molecule of MLKL. The results of the present study indicated that MLKL may be a novel prognostic biomarker for patients with GC.
Cancer Cell Line Encyclopedia (CCLE) analysis. The CCLE database (https://portals.broadinstitute.org/ccle) is an online compilation of gene expression, chromosomal copy number and parallel sequencing data from 947 human cancer cell lines. The CCLE database was used to analyze the mRNA expression levels of MLKL in a series of cancers. Information about cancer types, genes, datasets, sample sizes, fold changes, t-test results and P-values were collected.
Kaplan-Meier (KM) Plotter database analysis. The KM Plotter (http://kmplot.com/analysis) was used to evaluate the prognostic values of MLKL and fatty acid 2-hydroxylase (FA2H) in GC. The data from 882 patients with GC were obtained from the KM database (tumor-node-metastasis (TNM) stages: T1, n=14; T2, n=253; T3, n=208; T4, n=39; N0, n=76; N1+2+3, n=437; M0, n=459; M1, n=58; surgical treatment only, n=393). Using the selected parameters, the analysis was performed on the data from 631 patients with GC for overall survival (oS) analysis and from 522 patients in first progression (FP) analysis. The patients were split into high and low expression groups according to the median values of mRNA expression, and Kaplan-Meier survival plots were obtained. Logrank test P<0.05 was considered to indicate a statistically significant difference. Survival outcome, hazard ratios (HR), 95% CI and P-values were summarized from the KM plotter webpage.
Patient samples. A total of 25 patients with histopathologically confirmed GC and complete follow-up data were recruited between March and September 2017 from the Xiangcheng People's Hospital. The inclusion criteria were as follows: i) Histopathological diagnosis of adenocarcinoma; ii) patients who had not received anti-tumor treatment prior to the study; and iii) computed tomography of the chest, abdomen and pelvis did not show evidence of distant metastasis. The exclusion criteria were as follows: i) Patients who cannot tolerate surgical treatment; and ii) patients who did not allow specimen provision. There were 17 men and 8 women, aged between 38 and 71 years (median age, 53 years). Written informed consent was obtained from all patients and the protocol of the study was approved by the Institutional Review Board of Suzhou University (Suzhou, China; approval no. 2016958021; 5 March 2016). Fresh gastric cancer and normal tissues (~2 cm from the tumor) were collected from the patients, immediately stored in liquid nitrogen, and lysed with TRIzol ® (Invitrogen; Thermo Fisher Scientific, Inc.). none of the patients had received chemotherapy or radiotherapy prior to surgery. Pathological variables including depth of invasion, lymph node metastasis, distant metastasis, TNM stage and anti-tumor therapy were obtained. The Cancer Staging Manual of the American Joint Committee on Cancer (version 8) (18) was used for patient staging.
Reverse transcription-quantitative PCR (RT-qPCR). RT-qPCR was performed as described previously (19) . Total RNA was isolated from frozen GC and normal tissues with TRIzol ® . Complementary DNA was prepared using oligo(dT) primers with Primer Script RT Mix (Takara Biotechnology Co., Ltd.) according to the manufacturer's protocol. Expression levels of MLKL mRNA were determined with SYBR-Green PCR kit (Takara Biotechnology Co., Ltd.) in an ABI PRISM 7500 fast Sequence Detection System (Applied Biosystems; Thermo Fisher Scientific, Inc.). RT-qPCR reactions were performed as follows: 95˚C for 20 sec, 95˚C for 10 sec and 60˚C for 45 sec for 40 cycles. The relative expressions levels were expressed as 2 -ΔΔCq (20) using β-actin as the reference gene. Real-time PCR primers were as follows: MLKL forward, 5'-TTC ACC CAT AAG CCA AGG AG-3' and reverse, 5'-GGA TCT CCT GCA TGC ATT TT-3'; and β-actin forward, 5'-CTC CAT CCT GGC CTC GCT GT-3' and reverse, 5'-GCT GTC ACC TTC ACC GTT CC-3' .
Statistical analysis. Statistical analyses were performed with GraphPad Prism 6 (GraphPad Software, Inc.) and SPSS Statistics 19.0 (IBM Corp.). Student's paired t-test was used to compare the expression levels of MLKL between gastric cancer and normal tissues. P<0.05 was considered to indicate a statistically significant difference. Data are presented as the mean ± standard deviation.
Results

MLKL mRNA expression levels in human cancers.
To assess the MLKL mRNA expression levels in tumor and normal tissues in multiple cancers, the Oncomine database was used. The database contained 257 unique analyses and 504 unique analyses without outliers (Fig. 1A) . In 77 of the 504 unique analyses without outliers, 67 revealed that MLKL mRNA expression levels were lower in tumors compared with normal tissues, whereas 20 analyses indicated an opposite result. Only one study revealed an increased MLKL mRNA expression level in GC. In addition, MLKL mRNA expression levels in GC and normal tissues were determined in a cohort of 25 patients by RT-qPCR; the results indicated that MLKL mRnA levels were significantly lower in tumors compared with those in normal tissues (P<0.001; Fig. 1B) . Additionally, CCLE analysis demonstrated that MLKL was not upregulated in GC cell lines ( Fig. 2 ). Co-expression analysis of MLKL and FA2H in tumors. The co-expression of MLKL and other genes were investigated by using Jimeno Pancreas, Ooi gastric and Collisson CellLine from the oncomine database. MLKL expression significantly correlated with FA2H in a number of tumors (Fig. 4 ). In the survival analysis, high FA2H expression was associated with good oS and poor FP of patients with GC (oS, HR= 0.77, P=0.0046; FP, HR=1.34, P= 0.017; Fig. 5 ). In patients with lymph node metastasis, higher FA2H expression was associated with longer oS and FP (oS, HR= 0.59, P= 0.00016; FP, HR= 0.67, P= 0.0043; Fig. 5 ). By contrast, FA2H had positive effects on OS of patients with GC without lymph node metastasis (HR= 0.43, P= 0.038; Fig. 5 ). Therefore, FA2H and MLKL exhibited similar association with the survival of patients with GC, which suggested that FA2H may be a downstream molecule of MLKL.
Prognostic effects of MLKL mRNA expression in patients with
Discussion
MLKL serves important roles in certain malignant tumors, such as pancreatic cancer, ovarian cancer, colon cancer and cervical squamous cell carcinoma (14) (15) (16) (17) . In patients with cervical squamous cell carcinoma, MLKL expression was increased in cancer tissue compared with normal cervical tissues (P=0.004) and was negatively correlated with histological grade and lymph node metastasis; low MLKL expression was also associated with poor prognosis (14) . Similar conclusions were obtained from Figure 5 . Prognostic values of FA2H in patients with GC. Low FA2H expression levels were associated with poorer oS and FP compared with high FA2H expression levels in patients with GC. FA2H, fatty acid 2-hydroxylase; oS, overall survival; FP, first progression; n0, no lymph node metastasis; n1+2+3, lymph node metastasis. studies on early-stage resected pancreatic adenocarcinoma, colon cancer and ovarian cancer (15) (16) (17) . The results of these studies indicated that MLKL may be a potential prognostic biomarker for patients with carcinoma.
In the present study, MLKL mRnA levels were significantly decreased in GC tissues compared with those in normal tissues. In addition, decreased MLKL was associated with poorer oS and FP in patients with GC. These findings were consistent with those of Ertao et al (21) , which demonstrated that loss of MLKL may be involved in GC carcinogenesis and tumor progression, and MLKL may serve as a useful prognosis predictor in patients with GC.
The underlying mechanisms of MLKL in the prognosis of patients with GC are complicated. To the best of our knowledge, phosphorylated MLKL promotes necroptosis, which is a caspase-independent form of regulated cell death (22, 23) . Necroptosis is mediated by the kinase activities of RIP1 and RIP3 and MLKL (24) (25) (26) (27) (28) . Deubiquitylation of RIPK1 to RIPK3 induces RIPK3 oligomerization and activation, and the subsequent activation of MLKL, which compromises the integrity of the plasma membrane, leading to the release of intracellular proinflammatory molecules (24) . This process underlies the immunogenic nature of necroptotic cancer cells and their ability to induce efficient anti-tumor immunity. When MLKL expression is decreased, cell necroptosis mediated by MLKL is also reduced, leading to continuous proliferation of tumor cells (25) (26) (27) (28) .
FA2H catalyzes the formation of 2-hydroxy fatty acids, which are precursors for hFA-sphingolipids (29) . FA2H is required for the synthesis of hFA-galactolipids in myelin and hFA-ceramide and hFA-glucosylceramide in the epidermis (29) . However, the relationship between FA2H and tumors remains unclear. In human cancer cell lines, including Hela, CoS-7, HepG2 and A549 (30), FA2H exhibits positive effects on the efficacy of the anti-cancer agent PM02734 (31) . Another study has demonstrated that Δ9-tetrahydrocannabinol induces FA2H expression in human breast cancer MDA MB 231 cells through peroxisome proliferator-activated receptor isoform-selective agonists and antagonists (32) . The results of the present study demonstrated that MLKL expression is significantly correlated with FA2H in certain tumors. In addition, FA2H was associated with prognosis of patients with GC. However, no previous studies have reported an association between FA2H and GC or explored the role of FA2H in other tumors.
In conclusion, mRNA expression levels and prognostic values of MLKL in GC were comprehensively analyzed; the results demonstrated that MLKL mRNA expression levels were significantly lower in GC compared with normal tissues, and that patients with GC with low MLKL expression exhibited poorer prognosis compared with patients with high MLKL expression. MLKL may be a prognostic factor for GC; the mechanism of MLKL activity in GC may be through the RIP1/RIP3/MLKL pathway, which participates in cancer cell necrosis and other mechanisms that have not yet been clarified. Further experiments are required to investigate the potential of anti-tumor treatments that target MLKL. In Oncomine co-expression analysis, MLKL expression was significantly correlated with FA2H in some tumors. In addition, FA2H was associated with the overall survival prognosis in patients with GC; the mechanism of FA2H affecting the prognosis of patients with GC must be further explored.
